Technological success implies technical solution improvement in automation domain
Introduction
Metal industry, i.e. metalworking manufacturing implies the metal refinement process in order to obtain a final product, i.e. the semi-final product. In the metalworking industry the robots are applied (World Robotics 2006 , 2008 : as essential constituent element of new manufacturing lines which are projected at the high automation rate, with the flexibility characteristics. It is very hard to observe the robot here and its efficiency beyond the overall flexible manufacturing line with the activation in the existing manufacturing operations where robots highly increase the existing equipment efficiency, ensuring its economy. In this respect, the necessity for new or higher investments is reduced, considering that in certain conditions robot supply appeared as more economic than new machine supply. The robot system applications in metalworking industry, whether it is the full system automation or highly automatized manufacturing line, i.e. fixed automation or possible flexible manufacturing cell, is observed through: material transport and machine serving, processing operations, installation jobs and product control jobs.
In modern industrial operations of the metalworking industry the fixed automation still dominates. One of the characteristics of today's world's economic course is market expansion, i.e. the necessity for constant modification of the existing products with the new technological applications, in order to provide the competition at the rough market conditions. The robot significance is essential in conditions of the flexible metalworking manufacture Vlatko, 2008; Baksys, 2004; Rogic, 2001) . Robot application in metalworking industry is very different. For some application fields there are special robots, while for others the robot elections based on the process demands and robot possibilities exists. Robot application is higher for economic and technologic advantages of the application. Therefore, in future the robot will be not only implemented in the industry, but also in other human activities.
The research problem is the analysis of the latest data concerning the installed robots in Europe, Africa, Asia/Australia and America Nof, 1999; Lung-When, 1999) , in relation to a category of the manufacturing process, on the one hand, and analysis of the economic justification of robot application in industry, on the other hand.
The research object: Industrial robot application trend in world's metal industry.
The research goal is to show through the existing data concerning a number of the installed robots worldwide, the current trend of their application, and also by using available economic studies about the robot application economy in industry, to prove advantages of the automation of manufacturing process by using robots, i.e. the profitability of the industrial robot. To archive this aim, the following research tasks are:
-to search the latest data available concerning the number of installed robots in metal industry worldwide;
-to compare the obtained data with other industries; -to analyze the economic justification of robot application;
-to show the industrial robot profitability in a particular example.
The research is formed by systemic and comparable literature analysis of scientific publications, using statistical data concerning the number of installed robots in the world, and publications from the internet.
Annual and total industrial robot application trend in the world
In order to analyze the industrial robot application in metal industry in the world, the annual and total industrial robot application trend by continents in the world needs to be analyzed. Statistical data for industrial robot application number has been taken from International Federation of Robotics (IFR), and Economic Committee data by UN for Europe (UNECE) and Organization for Economic Cooperation and Development (OECD) World Robotics 2006 , 2008 .
The Figure 1 , Figure 2 and Figure 3 show the industrial robot application worldwide and by continents at annual and total level. Total industrial robot application trend in the world has been followed by the annual robot application trend so that the first place takes Asia/Australia with 514.914 units, then Europe 343.329 units, the third place takes America with 173.977 units and the last place belongs to Africa with 1.777 units of applied robots in 2010. An average density of the industrial robot in the world amounts to 51 robots on 10.000 of the employees. Industrial robot application analysis on 10.000 of employees in the manufacturing industry has been shown on Figure 4 . The countries with this average higher than 51 robots are: Japan, Republic of Korea, Germany, Italy, Sweden, Denmark, USA, Spain, Taiwan, France, Belgium, Austria, Benelux, Canada, Holland, Switzerland, Australia, England and Slovenia. Under this average, to 10 robots on 10.000 of employs the following countries belong: Slovakia, Norway, Czech Republic, Portugal, Malaysia, Thailand, New Zealand, Africa, Israel, Hungary, China, Mexico, Poland and Indonesia. The other countries are under the average of 10 robots on 10.000 of employees. In the countries with the average density higher than 51 robots, the manufacturing process are more automatized and modernized, with the developed automobile industry and with high robot applications. Year after year, some countries with the average lesser than 51 robots tend to increase an average, i.e. are carrying out the automation and modernization of the manufacturing process.
Industrial robot application in world's metal industry
This analysis comprehends industrial robot application in metal industry. The issues taken into consideration are: basic metals, metal refinement process, industrial machines, motor manufacturing, automobile part manufacturing and automobile manufacturing. The analysis has been shown at tables and figures below World robotics, 2008 World robotics, , 2010 Baksys, 2004; Rogic, 2001) . Annual industrial robot application in metal industry from 2005-2008 moves from 50.000-60.000 units and application trend is constant. In 2009, the minimum robot application has been recorded with 22.513 units, due to the financial industrial crisis.
In 2010 The analysis of Table 1 shows that industrial robot application in metal industry in the world is most abundant in motor and automobile manufacturing, but robot application in metal processing, basic metals and metal processing is decreasing. At the annual level, the least application has been recorded in 2009. The total robot application in metal industry from 2008-2010 has the increasing trend. Such industrial robot application trend in metal industry has been expected due to the automation and modernization of manufacturing process and market, due to the high competition of companies which are manufacturing motors and automobiles and needs to satisfy customer conditions. Source World robotics, 2008 World robotics, , 2010 . Table 2 and Figure 6 shows that the industrial robot application in metal industry, at the annual and total level during the last three years in the world takes high place and moves from 40%-48%, in relation to total industrial robot application. In 2010, in metal industry at annual level 40.636 of robot units or 36 % have been applied. The other industries amounts 77.701 units or 64 % of the total annual application. At the total level, the percentage of the industrial robot application in metal industry is higher and amounts 45 %. In order to compare them, the next figure shows the annual and total industrial robot application in all industries in the world. According to Figure 7 , the second place takes the electrical industry, then chemical industry and food industry, according to the industrial robot application, at annual and total level. According to Figure 8 , industrial robot application in metal industry in Europe precedes and is higher than in other industries at annual level, and till 2007 at the total level also. In the last three years, the application in the metal industry is less at the total level. According to the Table 3 and Figure 9 , in 2010 industrial robot application in metal industry in Europe amounts to 54 % and in other industries to 46 % of total robot application number in 2010. Source At the total level this relation amounts to 45 % in metal industry, and in the other industries 55 %. After industrial robot applications in the metal industry goes chemical industry, food industry, and the third place is taken by the electrical industry.
Industrial robot application in metal industry in Asia
Industrial robot application analysis in metal industry in Asia has been shown at the tables and figures below. The first place in industrial robot applications ( Figure  12 ) is taken by the electrical industry, the second place goes for metal industry and the third place goes to chemical industry.
Industrial robot application in metal industry in America
Industrial robot application in metal industry in America has been shown at the tables and figures below. In 2010, in metal industry in America, application of industrial robots amounts to 42% and in other industries 58%.
Industrial robot application in metal industry in Africa
The industrial robot application in Africa has been given at the following figures.
Year 2010

Figure 15. Industrial robot application in Africa
Source: World robotics, 2006 World robotics, , 2008 World robotics, , 2010 In Africa, industrial robot application is neglected in relation to Europe, America and Asia/Australia, but is taken into consideration. The highest industrial robot application is in metal industry, over 90
The profitability of industrial robots and benefits of robot automation
Falling unit costs of robots (Figure 16 ), increasing labour compensation (Figure 17) , and significantly improved robot system performances open up new automation solutions, many of which are outside the "classic" applications of industrial robots. Furthermore, robot manufacturers and systems integrators are increasingly supplying low-cost flexible work cells with standard configurations, which can be rapidly integrated into existing production systems for standard applications. This implies that even small volume productions can be automated effectively in areas such as parts welding and cutting, flexible assembly and packaging and palletizing. It therefore seems that robot investment will become more and more profitable and hence become increasingly widespread within industry.
Besides the cost-effectiveness, there are several other factors which are important when a company is considering investing in a robot system, e.g. effect on parts quality, manufacturing productivity (faster cycle time), yield (less scrap), reduction in labour, improved worker safety and reduction of work-in-progress.
Surveys among robot users and prospective users have shown that the main motives for investing in industrial robots are: reduced labour costs, improved product quality/obtaining of more even quality, improved quality of work by eliminating hazardous, heavy and/or repetitive work cycles, increased output rate, increased product flexibility, reduced material waste, compliance with safety rules, reduced labour turnover/difficulty of recruiting workers, reduced capital costs-inventory, work-in-progress, floor space etc. (World robotics industrial robots, 2009 ).
In many cases robot investments have the reduction of labour costs as the main objective.
The best example for this purpose is data from one business study (Churchill Technologies 2011, available at: http://www.churchill-tech.com) , where the costs of robot implementation in manufacture against the human work costs (manufacture without robot application) are analyzed, as follows:
How can robot be competitive in relation to the cost of human work?
The robot can work 24 hours per day, 7 days a week, and 52 weeks a year, without the need for breaks, with no benefits or legacy cost. For analysis there was taken a medium size robot with 100 kg payload and 6 kWh power consumption (auto industry is the biggest user), with an average cost per hour to operate about 30 cents. At an average cost of $0.30 per hour (Churchill Technologies, 2011), robot costs are:
-for a one shift day, the average cost is $2.40; -for a two shift day, the average cost is $4.80; -for a three shift day, the average cost is $7.20; -total average cost per year for three shifts, five days for 52 weeks is $1872.
How does this compare to human workers?
According to the article that in Forbes magazine is titled "Buy a Robot and Save America", (Robert 2006 ) the average wage for a U.S. warehouse or distribution worker is about $15 per hour plus benefits. The average wage for the same worker in China is about $3 per hour. The average wage for a skilled UAW U.S. auto worker is somewhere between $25 and $30 per hour, plus the staggering costs of health care coverage and retirement benefits.
Even if the cost of 30 cents per hour for robot labor were to double ($0.60), it is still 1/5 the cost per hour of a Chinese laborer! It's more like 1/50 as costly as a skilled UAW U.S. auto worker! Maintenance costs Cost of maintenance for manual workers: -Lunch and breaks = lost production time; -Vacations = no production; -Lost time due to injuries = no production; -Employee turnover: training and retraining; -Protective clothing and safety devices; -Locker rooms and supplies: lunch rooms and supplies;
-Parking lot; -Insurance; -Pensions; -Worker's compensation; -Inconsistent, unpredictable production.
Robot maintenance costs:
-Beyond the initial cost and small operating cost, there are some additional maintenance costs (example: typical application of two shift per day material handling robot); -For the first 3-4 years, $500 per year in preventive maintenance (mainly lubrication);
-After the 4th year, $5,000 in preventive maintenance, mainly in replacement of wear items (I.e., internal wire harnesses); -For the next 3-4 years, $500 per year in preventive maintenance (mainly lubrication);
-After 8-10 years (30,00 hours usage), refurbishment may be required at a cost of 50% of the asset value of the robot, depending on the duty cycle and environment of the robot.
From above mentioned we conclude that the costs for human maintenance are substantial and many times more than the maintenance cost for robots.
In Table 6 , there is shown the initial purchase and installation cost of the robot that can usually be amortized in a few years, whereupon, the cash flow is impressive. The above mentioned data show that robot costs are considerably lower in relation to human work. It also shows that the invested resources at the beginning of the robot implementation in manufacturing process are worthwhile. This and other robot advantages suggest that cost effectiveness of investing in robot systems in manufacturing is unmistakable.
Conclusions
Total industrial robot application trend in the world has been followed by annual robot application trend so that the first place takes Asia/Australia with 514.914 units, then Industrial robot application in metal industry worldwide is most abundant in motor and automobile manufacturing, while robot application in metal processing, basic metals and metal processing is in decrease. At the annual level, the least application has been recorded in 2009. Total robot application in metal industry in 2008-2010 has the increasing trend. Such industrial robot application trend in metal industry has been expected due to the automation and modernization of the manufacturing process and market, due to the high competition of companies which are manufacturing motors and automobiles and needs to satisfy customer conditions. According to Figure 7 , the second place is taken by electrical industry, then chemical industry and food industry, according to the industrial robot application, at annual and total level. According to Figure 8 , industrial robot application in metal industry in Europe precedes and is higher then in other industries at annual level, and till 2007 also at the total level. During the last three years, application in metal industry is less at total level.
According to Figure 10 , industrial robot application in metal industry in Asia is different in relation to Europe. At the annual and total level industrial robot application is lower in metal industry in relation to other industries in Asia. Industrial robot application trend in metal industry in America in 2005-2009 is higher than robot application in all other industries. In 2010, the application in metal industry is lesser in relation to other industries. After robot applications in metal industry go electrical industry, then chemical industry and food industry.
In Africa, industrial robot application is neglected in relation to Europe, America and Asia/Australia, but is taken into consideration.
The highest industrial robot application is in metal industry, over 90 %, with tendency of application increase. Then, through the trend analysis of robot buying price, and with a certain robot characteristics providing a certain advantages in relation to hand work, and by using the study data concerning economics and profitability of robot system in manufacturing process, in relation to the cost of human work. All this proves a thesis that robot application will have an increasing trend in the future, in metal industry and in other industries.
